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ABSTRACT 

Context. A considerable fraction of the y-ray sources discovered with the Energetic Gamma-Ray Experiment Telescope (EGRET) 
remain unidentified. The EGRET sources that have been properly identified are either pulsars or variable sources at both radio and 
gamma-ray wavelengths. Most of the variable sources are strong radio blazars. However, some low galactic-latitude EGRET sources, 
with highly variable y-ray emission, lack any evident counterpart according to the radio data available until now. 
Aims. The primary goal of this paper is to identify and characterise the potential radio counterparts of four highly variable y-ray 
sources in the galactic plane through mapping the radio surroundings of the EGRET confidence contours and determining the variable 
radio sources in the field whenever possible. 

Methods. We have carried out a radio exploration of the fields of the selected EGRET sources using the Giant Metrewave Radio 
Telescope (GMRT) interferometer at 21 cm wavelength, with pointings being separated by months. 

Results. We detected a total of 151 radio sources. Among them, we identified a few radio sources whose flux density has apparently 
changed on timescales of months. Despite the limitations of our search, their possible variability makes these objects a top-priority 
target for multi wavelength studies of the potential counterparts of highly variable, unidentified gamma-ray sources. 

Key words, y-ray sources - radio sources - microquasars - microblazars 



1. Introduction 

The high-energy sky revealed by the present and past genera- 
tions of y-ray telescopes and satellites is populated by a large 
number of unidentified sources. For instance, the Third EGRET 
catalogue (Hartman et al. 1999b contains 271 entries and nearly 
two thirds of these y-ray sources presently remain unidentified. 
At low galactic latitudes (\b\ <10°), 40 of them do not show 
any positional coincidence (within the 95% EGRET contour, 
i.e., a size of about 0.5-1°) with possible y-ray objects known in 
our Galaxy (Romero et al. 1999; Torres et al. 2001a). Since it is 
most unlikely that all these sources are extragalactic, they should 
belong to one or more populations of galactic y-ray sources yet 
to be discovered. In particular, both observational and theoreti- 
cal arguments point to the idea of galactic sources of relativistic 
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jets (e.g. microquasars and microblazars) being behind some of 
the EGRET unidentified sources. For instance, the high-mass X- 
ray binaries LS 5039 and LS 1+61 303 have been reported as 
likely counte rparts to 3EG J1824-1514 and 3EG J02 41+6103, 
respectively dKniffen et al. 19971 IParedes et aO OOO). Such an 
association has been strongly supported by the detec- 
tion, at TeV energies, of LS 5039 by the High Energy 
Stereoscopic System (H.E.S.S., Aharonian et al. 20051 1 and of 
LS 1+61 303 by the Major Atmospheric Gamma Imaging 
Cherenkov telescope (MAGIC, lAlbert et al. 20061 1. In addition, 
theoretical models have been developed that consistently ex- 
plain the high-energy gamma-ray emission in terms of ei- 
ther external and synchrotron self-Compton processes in the 
jets ( Kaufman-Bernado et al. 20021 [Bosch-Ramon et al. 2005) 
or hadronic interactions with wind material ( Ro mero et al. 2 003 ; 
IQrellana et al. 200"7i l. Alternatively, both theroretical work 
dDubus 20061) and observational data (Dha wan et al. 20 06) have 
been used to claim that this emission may also come from a 
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pulsar wind scenario in cases such as LS 1+61 303. The jet or 
pulsar scenario remains at present a matter of interesting debate 
dRomero et al. 20071 l. 

Here we will focus our attention on highly variable unidenti- 
fied EGRET sources, defining the sample as those presenting a 
variability index / > 2.5 as given by Torres et al. (2001a), which 
by being a relative comparison places them more than 3<x away 
from statistical variability of pulsars. Other variability indices 
have been introduced (see e.g., the 5-index of Nolan et al. 2003 ). 
Although statistically correlated dTorres et al. 20 01b ), the spe- 
cific classification of a given source can vary in each scheme, i.e., 
using the / or 5 indices. For the four sources herein analysed, the 
(5-index is also compatible with they being gamma-ray variables. 
Variability is naturally expected in a microquasar/microblazar 
scenario due to several causes such as jet precession, motion in 
an eccentric orbit, and accretion rate changes due to stellar wind 
inhomogeneites, although such behaviour does not exclude that 
we are dealing with active galactic nuclei (AGNs), which are 
also known to be variable sources of y-rays. Models also predict 
that these variations should be reflected not only in y-rays but 
also in the jet non-thermal radio emission. 

To determine the possible counterpart of selected EGRET 
sources, we undertook two campaigns with different radio inter- 
ferometers to search for variable radio counterparts of a sample 
of variable unidentified EGRET sources. In the 2004 campaign 
we used the Westerbork Synthesis Radio Telescope (WSRT) 
for multiepoch radio observations of three of the most variable 
EGRET sources at low galactic latitudes, to determine that sev- 
eral radio variables were present in their location error box with 
their flux density changing in more than a 30% amplitude on 
timescales of months (Pare des et al. 20051 . In the 2005 cam- 
paign, we conducted observations with the GMRT of the remain- 
ing four EGRET sources. This paper is devoted to presenting an 
account of these results. 

2. GMRT observations 

The observed fields, each about one square degree, were 
those corresponding to EGRET sources 3EG J1735-1500, 
3EG J1746-1001, 3EG J1810-1032 and 3EG J1904-1 124. 

The radio observations were carried out with the GMRT of 
the National Centre for Radio Astrophysics (NCRA) in Khodad 
(India), during February 23 and April 19, 2005. The observa- 
tions were made at the 1.4 GHz frequency (21 cm wavelength) in 
spectral-line mode with 128 channels covering a 32 MHz band- 
width, with two polarizations and two sidebands. The full-array 
synthesised beam of the GMRT interferometer was about 2-3" 
with the field-of-view limited by a 24' full width half maximum 
(FWHM) primary beam. To cover the larger (~ 1°) y-ray error 
boxes with a sensitivity as uniform as possible, each EGRET 
source field was covered with a hexagonal pattern of 7 point- 
ings. In this mosaicing approach, one pointing was centred on 
the nominal EGRET position and the other six offset by one 
primary beam FWHM with position-angle increments of 60° in 
galactic coordinates. Their right ascension and declination are 
listed in Table Q] We devoted an integration time of about 20 
minutes to each pointing. In this way, we were always able to 
map the whole solid angle of the EGRET 68% confidence con- 
tours and usually most of the 95%, too. This technique was also 
applied when using the Very Large Array (VLA) and the WSRT 
to map the fields of 3EG J1928+173 3, 3EG J2035+4441 and 
3EG J1812-1316 dParedes et aL2005l 

The calibration of amplitude and bandpass was achieved by 
observing 3C 286 and 3C 48, whereas phase calibration was per- 



formed through repeated scans of the nearby phase calibrators 
J1733-130, J1822-096, and J191 1-201. The first two fields 
used both interleaved scans of J1733-130. Correction of the 
GMRT flux densities for the increase in the sky temperature in 
the direction of the pointings was also taken into account. The 
GMRT data was processed using standard procedures within the 
Astrophysical Image Processing System (AIPS) software pack- 
age of NRAO. Self-calibration was possible in most of the point- 
ings with some exceptions when no suitable bright sources were 
available in the field. The mosaicing of the pointings for each 
field was carried out using the FLATN task of AIPS, which 
includes weighting according to the primary beam response at 
each pixel position. 



3. Results 

We show in Fig. Q] an example of one of the obtained radio 
maps, which corresponds to a GMRT mosaic of the source 
3EG J 1735 -1500. It was computed using uniform weight. We 
inspected each of the error boxes of the four EGRET sources 
observed and searched for all radio sources in the field. This was 
achieved through a combined use of visual inspection for those 
obvious cases and automated source extraction procedures, such 
as the Search and Destroy (SAD) task contained in the AIPS 
package. Only objects with peak flux densities higher than 4-5 
times the root mean square (rms) noise were retained. For each 
radio source detected, we measured its peak (S^ 6 ^) and the to- 
tal flux density (Sj, ntes ), position and angular size by means of 
an elliptical Gaussian fit. This procedure was carried out sepa- 
rately for the February 23 (first epoch) data, the April 19 (second 
epoch) data, and for the combined maps from both epochs. At 
the end of this process, all source detections were finally revised 
manually to ensure their reality. Artifacts near bright sources that 
could be considered low-significance detections by SAD were 
removed and the fitting of close double radio sources was also 
checked individually. 

3.1. Catalogue 

Based on the combined maps from the two observing epochs, 
we detected a total of 151 radio sources above a flux density of 
~ 1 .5 mJy. Typical rms noises achieved in each pointing are in the 
0. 1-0.4 mJy range depending on particular observing conditions 
and bright sources limiting the dynamical range. The strongest 
source detected is GMRT J17381 1.6-150301, with an average 
peak flux density of 460.8 mJy beam -1 . 

In TableHJ available in electronic form in the online material 
of this paper, we list all the radio sources detected. From the 1st 
to 8th columns, this table contains the GMRT name for each en- 
try, the J2000.0 coordinates, the peak flux density, the integrated 
flux density and the apparent angular size. The corresponding 
values were determined by fitting elliptical Gaussians using the 
AIPS task JMFIT. Uncertainties quoted in 4th and 5th columns 
are based on the formal errors of the fit and allow the reliability 
of the detection to be judged. However, they do not include the 
contribution of primary beam corrections as a function of an- 
gular distance to the phase centre (9th column). An estimate 
of the combined error is given in the 10th and 11th columns 
for both the peak and integrated flux density, respectively. The 
final 12th column contains a radio variability index expressing 
the flux density difference between the two observing epochs 
in terms of this sort of combined noise estimator (see below and 
Appendix A for details.) This information has been omitted for a 
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Table 1. Right ascension and declination (J2000.0) for the pointing centres of GMRT mosaics of the EGRET sources observed in 
this work. 



Pointing 


3EG J1735-1500 


3EG J1746-1001 




3EG J1810— 1032 


3EG J1904-1124 


Id. 


(hms, 


"'") 


(hms, 


"'") 




(hms, 


"'") 


(hms, 


°"0 





17 35 52.80 


-15 00 00.0 


17 46 00.00 


-10 01 48.0 


18 


10 04.80 


-10 32 24.0 


19 04 50.40 


-11 25 12.0 


1 


17 36 42.41 


-14 39 12.6 


17 46 48.69 


-09 41 00.7 


It 


10 53.57 


-10 11 36.7 


19 05 39.31 


-11 04 24.7 


2 


17 37 32.19 


-14 59 58.7 


17 47 37.49 


-10 01 47.1 




1 1 42.45 


-10 32 23.1 


19 06 28.34 


-11 25 11.0 


3 


17 36 42.57 


-15 20 46.7 


17 46 48.80 


-10 22 34.9 


it 


10 53.68 


-10 53 10.8 


19 05 39.43 


-11 45 58.8 


4 


17 35 03.03 


-15 20 46.7 


17 45 11.20 


-10 22 34.9 


it 


09 15.92 


-10 53 10.8 


19 04 01.37 


-11 45 58.8 


5 


17 34 13.41 


-14 59 58.7 


17 44 22.51 


-10 01 47.1 


it 


08 27.15 


-10 32 23.1 


19 03 12.46 


-11 25 11.0 


6 


17 35 03.19 


-14 39 12.6 


17 45 11.31 


-09 41 00.7 


it 


09 16.03 


-10 11 36.7 


19 04 01.49 


-11 04 24.7 



3.2. Search for variable radio sources 



-14 20 - 



■15 00 




Based on previous radio work, such as the the GT galac- 



37 36 35 

RIGHT ASCENSION (J2000) 



Fig. 1. The 1.4 GHz image of the error box of the unidentified 
EGRET source 3EG J 1735 -1500 obtained with the GMRT us- 
ing a mosaicing technique. This image has been restored with a 
45" circular beam for easier display purposes. Shown contours 
correspond to -5, 5, 8, 10, 15, 20, 30, 40, 50 and 100 times 0.4 
mJy beam -1 . The noisy appearance toward the edges is due to 
strong primary beam correction. The 50%, 68%, 95%, and 99% 
confidence contours for the location of the EGRET source are 
also shown. Forty-three radio sources are clearly detected in this 
field, but only two of them show any evidence of variability. 



few cases where an unreliable result is suspected. This is usually 
connected with some extended or faint sources and occasional 
Gaussian fitting problems. 

The GMRT positions are usually accurate to better than 
one arc-second, which is suitable for identifying optical/near 
infrared counterparts in follow-up observations even in rela- 
tively crowded fields. A preliminary search has been conducted 
in some cases by inspecting the plates from the Digitized Sky 
Survey (DSS, ILasker et al. 79901 and the 2 Micron All Sky 
Survey (2MASS, Skrutsk ieet al. 20061) as discussed below. 



tic plane patrol (Gregory & Taylor 19861 or the FIRST survey 
dde Vries et al. 20041) 7 one could expect that 1% to 5% of the 
sources we detected could be intrinsically variable. This would 
translate into one or two peculiar variable objects expected in 
this work. 

The search for variables in the GMRT data was first carried 
out systematically by plotting the flux densities of sources de- 
tected at two different epochs (February and April), one versus 
the other. Of course, two epochs of observation are not sufficient 
to clearly establish an object's variability unless the amplitude 
of variation is rather high. However, this is the kind of object 
that we are looking for in this work as radio counterparts. In this 
context, a threshold of variability amplitude of +30%, which is a 
substantial fraction of the total flux, appeared reasonable for our 
purposes. 

One example of a variability plot is illustrated in Fig.|2]in the 
case of 3 EG J 1735 -1500 based on our two epoch GMRT obser- 
vation separated by a few months. Here, two radio sources in the 
field stand out as apparent radio variables. In the four EGRET 
fields observed, a total of 1 1 candidate variables were initially 
selected in this way. However, as quoted above, the absolute flux 
densities of our sources could be additionally affected by uncer- 
tainties in the primary beam correction applied to them. The net 
accuracy of pointing and tracking of GMRT antennas is about 2 
to 3 arcmin, which at L-band corresponds to about 10% of the 
FWHM. This leads to poor primary beam correction resulting in 
significant uncertainties in the absolute flux densities of sources 
away from the pointing centre (see Appendix A). In view of this 
problem, we instead define a radio variability index measuring 
the significance of this difference between a source's individual 



peak flux densities from its average value 5^ eak as 



Var. Index : 



,Peak,l 



-s 



Peak 



Err* 



eak.l 



t Peak,2 



Err 



.Peak,2 



(1) 



where the combined JMFIT+primary beam correction error is 
computed as 



En .Peak,i (6/) _ [ms J MFIX ]2 



i Peak,/ 



APh 



PbW 



(2) 



for each of the two observing epochs (i = 1,2). Here, the second 
term represents the error when dividing by the primary beam 
response Ph(&) at the source location (Eq. [A3}. If a source has 
a variability index above say 3, we consider it as a candidate 
variable radio source. 
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1 10 100 

Peak Flux Density February 2005 (mJy) 



Fig. 2. Flux density in February 2005 versus flux density 
in April 2005 for all compact radio sources in the field of 
3EG J1735-1500 detected with the GMRT at 21 cm. Error bars 
shown are +3 times the JMFIT rms. The dashed lines repre- 
sent a variability amplitude of +30% above which an object is 
considered a likely radio counterpart of the unidentified vari- 
able EGRET source. Two radio sources in this field are found 
to satisfy such criterion but their large angular distance from the 
phase centre makes their variability suspicious due to uncertain 
primary beam correction. 



Only two radio sources in our catalogue turned out to have 
a reliable variability index approaching 3 or higher, assuming 
a typical GMRT pointing error of AO = 2'. The observed pa- 
rameters of these candidate variables are separately listed in 
Table [2] bearing in mind that variability still needs to be con- 
firmed. Notation here is similar to Table [4] The variability in- 
dices for the rest of the GMRT radio sources are consistent 
with being non-variable. Of course, the possible detection of 
variability does not ensure an immediate connection with the 
corresponding EGRET source. Indeed, many extragalactic ra- 
dio sources, such as quasars and other AGNs, are known to be 
variable in the radio. Despite the limitations of our variability 
analysis, the candidate variables reported here do represent good 
targets for follow-up observations that could ultimately reveal 
clues leading to the final identification of the EGRET source, 
especially if their position is confirmed with a better precision 
by future y-ray telescopes such as the Gamma-ray Large Area 
Space Telescope (GLAST). 

3.3. Resolved and multiple radio sources 

We also looked for sources with a resolved structure. For each 
detection we compared the peak S ^ eak with the integrated flux 
density S* ntes to differentiate among resolved and unresolved 
sources. The maps from the two epochs combined were used 
for this purpose. We plotted in Fig.|3]the ratio S I, ntes /5 J^ eak versus 




S^ eak (mJy beam"' ) 

Fig. 3. Plot of the integrated to peak flux density ratio for 
all detections in this work as a function of peak flux density. 
Continuous lines represent the upper and lower envelopes of 
the plot region considered to correspond to unresolved radio 
sources according to an approach similar to the one in Bondi et 
al. (2007). Objects located above the upper envelope line appear 
to be resolved by our GMRT observations. 

gPeak p u owm g Bondi et al. (2007), we roughly estimated the 
lower envelope of the data shown in Fig.[3]by fitting the equation 

^teg^Peak = fl -(6/S?*) (3) 

where a = 0.75 and b = -0.25. This curve was later mirrored 
above with respect to the Sj, nte8 /Sy eak = 1 line. Data points in be- 
tween the lower and upper mirrored envelopes are believed to 
correspond to point-like sources and to their dispersion due to 
statistical errors. In contrast, points lying above the upper enve- 
lope are considered as resolved sources. They represent about 
23% out of the total detected sources, although this value must 
be taken as an upper limit because some of them are grouped as 
double sources. Double or triple morphologies are often found 
among them and none exhibited structural changes between the 
two epochs of observation. 

4. Discussion: individual EGRET fields 

4.1. 3EGJ1735-1500 

This is the most variable EGRET source in our sample (/ = 8.86, 
ITorres et al. 200 lal see, however, N olan et al. 20 03). Inside its 
EGRET error box, Mattox et al. (2001) reported the presence of 
PMN J 1738-1502, a sourc e from the Parkes-MIT-NRAO survey 
(PMN, Griffith ¥t al. 1994t , as a potential radio counterpart with 
a low a priori probability that this object is a y-ray blazar. In 
an analysis carried out later by Sowards-Emmerd et al. (2004), 
they classify this radio source as a high-confidence blazar. PMN 
J1738— 1502 appears to be coincident with our variable source 
GMRT J173811.6-150301 in Table |2] with the observed vari- 
ability in agreement with the proposed blazar nature. Combi et 
al. (2003) confirmed as well the presence of PMN J1738-1502 
as a flat-spectrum compact radio source, with a flux density of 
330 mJy at 1.4 GHz. In addition, by using the NRAO VLA Sky 
Survey (NVSS; ICondon et al. 19981 they found a total of 23 ra- 
dio sources with flux density greater than 10 mJy at 1.4 GHz 
within the inner 95% confidence contour of 3EG J 1735 -1500. 
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Table 2. Candidate variable radio sources detected with the GMRT inside the error box of one of our selected y-ray variable EGRET 
sources. 



Source GMRT Id. 


CJ2000.0 


<5j20oo.o 6 


^Peak.1 


gj-j-Peak, 1 


g Peak,2 


gj-j-Peak,2 


Var. 


3EGJ 


(hms) 


C ' ") (') 


(mjy/b) 


(mjy/b) 


(mjy/b) 


mjy/b 


Index 


1904-1124 J190601.7-1 12510 


19 06 01.781(0.009) - 


11 25 10.10(0.20) 6.5 


5.1 ±0.3 


0.8 


9.1 ±0.6 


1.5 


3 


J190617.4-1 12850 


19 06 17.428(0.003) - 


11 28 50.11(0.04) 4.5 


10. Z ± U.J 


1 c 
L.J 


ZO. 1 ± U.J 


LA 


1 

4 


Table 3. The triple radio source within the error box of 3EG J 1735 -1500. 












Component 


a J2000.0 


<5j2000.0 


£ Peak 


£ Integ 










(h m s) 


C ' ") 


(mJy beam -1 ) 


(mJy) 








West lobe ( * 


17 34 11.126(0.002) 


-15 03 42.65(0.03) 


21.9 ±0.4 


27.1 ±0.7 








Core 


17 34 12.899(0.003) 


-15 03 28.55(0.05) 


12.5 ±0.4 


11.8 ±0.6 








East lobe 


17 34 14.720(0.020) 


-15 03 09.00(0.20) 


6.6 ± 0.4 


34.0 ± 2.0 









(*) This lobe is decomposed into two source components in Table|4j 




1734 16 15 14 13 12 11 10 

RIGHT ASCENSION (J2000) 



Fig. 4. Triple radio source in the field of the unidentified EGRET 
source 3EG J 1735 -1500 obtained after combining the February 
and April runs with the GMRT. The contours shown are -3, 3, 
5, 9, 15, 25, 40, 60, 100 and 150 times the rms noise of 0.13 
mJy beam -1 . The corresponding synthesised beam is shown in 
the bottom left corner, and it corresponds to 3"46x2"91, with a 
position angle of -36?8. 



density, one would expect a source at merely 4-5 sigma level 
and; therefore, its non detection does not come as a surprise. 
On the other hand, removing the shortest GMRT baselines to 
enhance compact sources makes the radiogalaxy extended lobes 
fully resolved in our GMRT maps. 

Our observations have revealed a total of 43 sources in this 
field, all listed in Table [4] Four of them have been resolved 
by the GMRT interferometer presenting either a double struc- 
ture (GMRT J173345.7-151643, GMRT J173421.2-152222, 
and GMRT J173704.3-153301) or even a triple structure 
(GMRT J173412. 8-150328). We show in Fig.0the contour map 
of this last interesting triple object, obtained after combining the 
February and April runs. The position of the components and 
their peak and integrated flux densities are given in Table [3] The 
morphology of this source thus appears clearly reminiscent of 
a Fanaroff-Riley type II radio galaxy, with a core and two lobe 
components. One of the lobes has a clear and bright hot spot. The 
three components are well-aligned in the northeast-southwest di- 
rection, with the outer components separated from the core by an 
angular distance of about 30". 

No reliable radio variables have been detected in this field. 
Bosch-Ramon et al. (2006a) applied a microquasar model to ex- 
plain the high-energy y-ray emission of 3EG J 1735 -1500 con- 
sistent with the observations at lower energies (from radio fre- 
quencies to soft y-rays) within the EGRET error box. Although 
their theoretical model suggests that a microquasar might be the 
counterpart of this particular source, other alternatives cannot 
be ruled out as possible counterparts (e.g., |Punsly et al. 2000 
IBosch-Ramon et al. 2006bl l. 



In the Combi et al. (2003) exploration of the 
3EG J 1735 -1500 error box, they also reported the presence 
a new radio galaxy (a double-sided source of Fanaroff-Riley 
type II) inside the 95% EGRET confidence contour. The 
radio galaxy's central core has an estimated position of 
aj2ooo.o=17h37ml2.9s+0.3s, 6j2ooo.o=-15°l 1'0.20" + 15", but 
nothing is detected here in our GMRT maps. Actually, this 
is not totally unexpected since this position lies very close 
to mosaic-pointing edges where the primary beam correction 
increases the noise significantly. Based on the NVSS peak flux 



4.2. 3EGJ1746-1001 

We have detected 36 sources within the error box of this EGRET 
source. Two of them were reported by Mattox et al. (2001) as po- 
tential radio counterparts of 3EG J1746-1001 with a low a pri- 
ori probability. These sources are PMN J 1744- 1011 and PMN 
J1747-0959 with a flux density at 5 GHz of 85 and 61 mJy, 
respectively. We have also detected these sources at 1.4 GHz 
showing a double structure. 

For the first one PMN J 1744- 1011, we have resolved an 
elongated northeast-southwest structure with two strong com- 
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portents. GMRT J174443. 2-101001 is the northern component, 
with a peak flux density of 46.2+0.7 mJy beam -1 and an inte- 
grated flux density of 77.6+ 1.4 mJy. GMRT J174441.9-101040 
is the southern component, which appears with a peak flux den- 
sity of 106.3+0.7 mJy beam -1 and an integrated flux density 
of 120.3+1.1 mJy. For the second one PMN J1747-0959, our 
GMRT map shows a double source elongated in the east-west 
direction. The east component, GMRT J174727.8-095917, has 
a peak flux density of 129.4+0.4 mJy beam -1 and an integrated 
flux density of 134.8+0.6 mJy. The peak and the integrated flux 
density of the western component, GMRT J174727.2-09591 1, 
amount to 12. 1+0.4 mJy beam -1 and 13.3+0.6 mJy, respectively. 

We also found other five sources in this field showing ex- 
tended or double structures, namely GMRT J174457. 8- 101206, 
GMRT J174501. 4-093849, GMRT J174556.0-100613, 
GMRT J174616.5-102358, and GMRT J 174624. 1-095208. 
Information about their peak and integrated flux densities, 
apparent size, and position angle of their components can be 
found in Table [4] 

No reliable variables were found in the field of 
3EG J1746-1001. An interesting object is, however, GMRT 
J174535. 5-101439, which has a barely resolved core+one- 
sided jet morphology. No obvious counterpart is present at 
optical, infrared, or X-ray according to the inspected surveys. 

4.3. 3EGJ1810-1032 

We detected 38 sources within the error box of this EGRET 
source. For this y-ray source, three different potential radio 
counterparts with low a priori probability were proposed by 
Mattox et al. (2001). These sources were PMN J1808-1041, 
PMN J18 10-1054, and PMN J18 10-1 102 with a flux density 
at 5 GHz from single-dish surveys of 48, 49, and 103 mJy, re- 
spectively. We have not clearly detected any of them and this is 
likely due to lack of sensitivity to very extended objects more 
easily detected in single dish surveys. 

Among the 38 sources detected, there are five of them 
that have been resolved with the GMRT showing a dou- 
ble or marginally resolved double structure. These sources 
are GMRT J180809.1-104031, GMRT J180834.3-103024, 
GMRT J180943.4-104055, GMRT J181017.7-102907, and 
GMRT J18 1030.9— 101839. 

No reliable radio variables were found in this field. 

4.4. 3EGJ1 904-11 24 

We detected 34 sources within the error box of this EGRET 
source. Two different potential radio counterparts, with a low a 
priori probability, were proposed by Mattox et al. (2001). These 
sources were PMN J1905-1153 and PMN J1906-1114 with a 
flux density at 5 GHz of 197 and 126 mJy, respectively. 

The first of them has been classified as a plausible blazar 
by Sowards-Emmerd et al. (2004). We also detected this source, 
with a peak flux density of 286.2+1.4 mJy beam -1 and an 
integrated flux density of 264.2+2.0 mJy. These peak and 
integrated flux densities fall slightly offset from the enve- 
lope curve quoted in Sect. 13.31 but yet they can be consid- 
ered to be consistent with an unresolved source. Although 
our data at 1.4 GHz and the 5 GHz data were not taken 
simultaneously, the results seem to point to a non-thermal 
emission. The second source, PMN J1906— 1 1 14, also de- 
tected by us, shows an elongated structure with two compo- 
nents. The strongest one is GMRT J190645. 1-111434, with 



a peak flux density of 115.7+0.7 mJy beam 1 and an inte- 
grated flux density of 167.6+1.3 mJy. The fainter component is 
GMRT J190644.8-1 11416 with a peak and an integrated flux 
density of 33.6+0.7 mJy beam -1 and 49.3+1.3 mJy, respec- 
tively. In this source, the northern component could have a non- 
thermal nature, whereas it is not as clear for the southern com- 
ponent. In the error box of 3EG J 1904- 1124, we also detected 
four other extended sources, namely GMRT J190339.9-1 14756, 
GMRT J190341. 1-112310, GMRT J190430.2-1 15241 and 
GMRT J190523.0-1 10250. 

In the field of 3EG J 1904-1 124, we found two sources that 
are candidate radio variables. Their expected flux density uncer- 
tainty due to primary beam correction is at the ~ 10% level. Both 
of them have a compact appearance. 

5. Conclusions 

We have reported the radio results of source detection and of 
the search for variables positionally consistent with the highly 
variable, unidentified EGRET sources, at the 21 cm wavelength, 
and using a mosaicing technique with GMRT. The targets stud- 
ied in this work include 3EG J1735-1500, 3 EG J1746-1001, 
3EG Jl 8 10- 1032 and 3EG J 1904-1 124. Our main findings can 
be summarised as follows, 

1 . The number of confident detections within the error box of 
each EGRET source quoted above was 43, 36, 38, and 34 
objects, respectively. Our limiting flux density is not uniform 
across all pointings but typically amounts to ~ 1.5 mJy. The 
mapped field of view always covered the full solid angle of 
the 68% EGRET confidence contours and usually most of 
the 95% as well. 

2. Out of the 151 sources detected in total, only a few of them 
displayed apparent radio variability with reliable amplitude 
on a two-month time baseline in two of the EGRET fields. 
Although a variability search was the original motivation for 
this work, we have been severely limited by instrumental 
problems in this task, and not all the detected sources could 
be suitably explored in their time behaviour. Nevertheless, 
we have undertaken a programme for future follow-up ob- 
servation of the proposed candidate variables, aimed in par- 
ticular at finding their near-infrared and X-ray counterparts. 
Although we anticipate here that most will turn out to be un- 
related background sources, strong attention should be given 
to any of them found to be positionally coincident with the 
y-ray emission detected by future space observatories such 
as GLAST with improved source localization 

3. As a byproduct of this work, we have identified 16 double ra- 
dio sources, 4 marginally resolved double sources, and one 
interesting triple radio source positionally consistent with 
3EG J1735-1500. Its morphology is remarkably reminis- 
cent of a Fanaroff-Riley type II radio galaxy. However, the 
absence of an optical/near infrared counterpart for the cen- 
tral core at present precludes assessing its true nature and 
connection with the EGRET emission. 
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Fig.A.l. Top. Uncertainty in the GMRT primary beam re- 
sponse at the 21 cm wavelength for different values of the point- 
ing/tracking offset as a function of the distance from the phase 
centre. The shape of the primary beam is also plotted as a pointed 
line and the vertical dashed line indicates its FWHM. Bottom. 
Fractional error introduced when the synthesised map is divided 
by the sky position dependent primary beam response shown in 
the top panel. 



AO. We assume here that this value is comparable to the typi- 
cal GMRT pointing/tracking offset. Therefore, the correspond- 
ing uncertainty in the primary beam response will propagate by 
incrementing Eq. IA.ll as 



(A.2) 



AP b (0) = 2x(A + 2BX 1 + 3Cx 4 + ADx 6 )Ax, 



where Ax = vA9, since we assume that the frequency is known 
exactly. Hereafter, we adopt v — 1 .4 GHz as the corresponding 
value for the L-band wavelength of 21 cm. 

To quantify the problem, the top panel in Fig. lA.ll shows the 
error in primary beam response APi,(ff) computed using Eq. |A.2| 
as a function of 9 for different offset values. The bottom panel 
illustrates the corresponding fractional error, 



ASy 
Sy 



n 



(A3) 



when dividing a measured flux density S v , or a map pixel value, 
by the primary beam response. From these plots we see that pri- 
mary beam corrected flux densities may be affected by an addi- 
tional uncertainty as large as +10% for objects beyond ~ 6' from 
the phase centre. 



Appendix A: Uncertainty in absolute flux density 
due to pointing/tracking offsets 

The properties of the GMRT antennae are such that point- 
ing/tracking offsets of a few arc-minutes are not uncommon. 
Consequently, the true primary beam pattern can experience a 
shift in this order instead of being centred exactly at the as- 
sumed phase centre. This effect is negligible at most of the typ- 
ical GMRT long wavelengths, but not completely at the shortest 
one of 21 cm used here where it can reach about 10% of the 
primary beam FWHM. 

How does this translate into primary beam correction? The 
anntena primary beam response Pb(0) as a function of the dis- 
tance 9 from the phase centre can be computed using polynomic 
coefficients from the GMRT User's Manual. In general, it can be 
expressed as 

P b (0) = 1 + Ax 2 + Bx 4 + Cx 6 + Dx\ (A. 1) 

where A = -2.27961 x 10~ 3 , B = 21.4611 x 10~ 7 , C = 
-9.7929 x lO" 10 , D = 1.80153 x 10~ 13 , and x = v8 is the prod- 
uct of the observing frequency in GHz times the angular dis- 
tance in arc-minutes. Any pixel in a synthesised radio map will 
have its distance to the phase centre known within an uncertainty 
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GMRT Identification 


aj2000.o 


C>J2000.0 


s Pcak 


£ Jnlog 


a 


b 


P.A. 


6 


En .Pcak 


Err i„i cg 


Var. 






(hms) 


(° ' ") 


(mJy/b) 


(mJy) 


(") 


(") 


(°) 


(') 


(mJy/b) 


(mJy) 


Index 


J173336.1- 


-150727 


17 33 36.180(0.020) 


-15 07 27.40(0.20) 


7.1(0.7) 


6.4(0.9) 


6.38 


3.06 


44.4 


11.7 


3.2 


2.9 


0.9 


J173345.7- 


-151643 (D) 


17 33 45.793(0.003) 


-15 16 43.41(0.08) 


44.0(0.9) 


51.0(2.0) 


10.07 


3.45 


23.6 


18.0 


114.1 


132.3 


0.2 


J173346.3- 


-151627 <D) 


17 33 46.332(0.004) 


-15 16 27.90(0.10) 


32.1(0.9) 


35.0(2.0) 


9.14 


3.46 


25.9 


17.7 


74.6 


81.3 


0.1 


1173349.7- 


-150501 


17 33 49.710(0.030) 


-15 05 01.90(0.40) 


3.8(0.5) 


11.0(2.0) 


7.18 


6.41 


165.7 


7.6 


0.9 


2.8 


0.8 


J173411.1- 


-150337**' 


17 34 11.110(0.020) 


-15 03 37.80(0.20) 


6.5(0.4) 


45.0(3.0) 


11.77 


6.74 


57.4 


3.7 


0.6 


4.4 


1.8 


J 17341 1.1- 


-150342 (T) 


17 34 11.126(0.002) 


-15 03 42.65(0.03) 


21.9(0.4) 


27.1(0.7) 


4.24 


3.39 


160.4 


3.8 


1.6 


2.1 


- 


1173412.8- 


-150328 (T) 


17 34 12.899(0.003) 


-15 03 28.55(0.05) 


12.5(0.4) 


11.8(0.6) 


3.46 


3.11 


143.3 


3.5 


0.9 


1.0 


0.9 


J173414.7- 


-150309 (T) 


17 34 14.720(0.020) 


-15 03 09.00(0.20) 


6.6(0.4) 


34.0(2.0) 


10.05 


5.63 


45.4 


3.2 


0.6 


2.8 


1.3 


T173421 7- 


-152222 (D ' 


17 34 21.260(0.002) 


-15 22 22.88(0.03) 


38.8(0.6) 


32.8(0.7) 


5.30 


3.60 


49.7 


10.2 


12.3 


10.4 


1.0 


1173491 3- 


-152209 (D ' 


17 34 21.303(0.005) 


-15 22 09.56(0.06) 


17.0(0.6) 


13.6(0.7) 


5.25 


3.44 


50.5 


10.2 


5.4 


4.3 


1.1 


117^497 0- 


-144441 


17 34 27.030(0.030) 


-14 44 41.40(0.30) 


2.0(0.3) 


2.6(0.5) 


7.75 


5.31 


109.5 


10.3 


0.7 


1.0 


1.5 


117^4^8 ^ 


-145723 


17 34 38.338(0.007) 


-14 57 23.84(0.09) 


8.7(0.5) 


10.4(0.8) 


4.31 


4.04 


93.4 


6.6 


1.4 


1.7 


0.2 


117^4^0 8 


-145028 


17 34 39.880(0.020) 


-14 50 28.90(0.30) 


3.6(0.3) 


3.3(0.4) 


6.72 


4.66 


16.4 


11.4 


1.5 


1.4 


1.0 


T17^4SQ 9 


-142327 


17 34 59.226(0.008) 


-14 23 27.70(0.20) 


6.0(0.3) 


8.0(0.5) 


7.91 


5.89 


6.2 


15.8 


7.3 


9.7 


0.9 


J 1 / JJUl . / 


143643 


17 35 01.778(0.009) 


-14 36 43.60(0.20) 


2.1(0.2) 


1.9(0.3) 


5.14 


3.59 


155.8 


2.5 


0.2 


0.3 


1.7 


T 173503 S- 


-1 52026 


17 35 03.556(0.003) 


-15 20 26.73(0.05) 


12.7(0.3) 


19.1(0.7) 


5.10 


3.70 


17.1 


0.4 


0.3 


0.7 


1.7 


J 1 / jJUt.J 


-142037 


17 35 04.347(0.002) 


-14 20 37.39(0.04) 


28.9(0.4) 


28.3(0.5) 


7.68 


5.16 


178.5 


18.6 


94.4 


92.5 


0.1 


11 73508 7- 


- 1 S0708 


17 35 08.724(0.002) 


-15 07 08.13(0.01) 


105.6(0.5) 


106.7(0.7) 


8.46 


4.72 


74.8 


12.8 


59.5 


60.2 


0.4 


11 73590 6- 


-144739 


17 35 20.673(0.002) 


-14 47 39.69(0.03) 


20.1(0.3) 


18.4(0.4) 


6.35 


3.62 


156.5 


9.4 


5.4 


5.0 


0.6 


11 73534 0- 


-152740 


17 35 34.921(0.007) 


-15 27 40.75(0.07) 


18.6(0.5) 


36.0(2.0) 


8.89 


4.91 


116.8 


10.3 


6.1 


11.9 


0.8 


J i / jjjO.o 


-142543 


17 35 36.860(0.020) 


-14 25 43.60(0.20) 


6.0(0.4) 


8.0(0.6) 


8.77 


6.25 


31.5 


15.8 


7.3 


9.7 


0.8 


11 7^S49 n 


-143022 


17 35 42.008(0.009) 


-14 30 22.70(0.20) 


6.6(0.3) 


7.3(0.5) 


6.99 


5.85 


81.0 


12.9 


3.8 


4.2 


0.9 


TI7^S4^ Q 
j i / jjtj.y 


-150428 


17 35 43.920(0.010) 


-15 04 28.60(0.09) 


6.4(0.4) 


7.1(0.6) 


7.18 


4.09 


103.4 


5.0 


0.8 


0.9 


1.3 


T 1 7^ c ;s4 6 


-150130 


17 35 54.620(0.020) 


-15 01 30.50(0.10) 


4.4(0.3) 


4.3(0.5) 


6.26 


3.56 


104.0 


1.6 


0.3 


0.5 


0.1 


J 173559 4- 


-143458 


17 35 59.420(0.050) 


-14 34 58.80(0.50) 


3.1(0.5) 


5.0(2.0) 


10.89 


5.61 


57.8 


11.2 


1.3 


2.8 


0.2 


7 1 7^6A7 7 
J 1 / JUW I.I 


-144141 


17 36 07.730(0.020) 


-14 4141.00(0.30) 


4.2(0.5) 


2.9(0.6) 


5.73 


3.77 


31.0 


8.7 


1.1 


0.9 


0.0 


11 7361 6 6- 

J 1 / JU1U.U 


-150431 


17 36 16.675(0.007) 


-15 04 31.36(0.06) 


10.0(0.4) 


10.1(0.6) 


7.13 


3.71 


113.9 


7.3 


1.8 


1.8 


0.5 


J173623.7- 


-152405 


17 36 23.770(0.040) 


-15 24 05.00(0.60) 


2.3(0.4) 


4.0(2.0) 


7.20 


6.52 


47.8 


5.6 


0.5 


2.1 


0.8 


T173639 5- 


-144714 


17 36 32.500(0.050) 


-14 47 14.70(0.60) 


1.7(0.4) 


2.5(0.8) 


7.80 


5.04 


46.4 


8.4 


0.5 


1.0 


0.8 


J 173638.8- 


-152132 


17 36 38.800(0.020) 


-15 21 32.70(0.20) 


4.2(0.4) 


4.6(0.7) 


6.06 


3.44 


142.9 


1.2 


0.4 


0.7 


1.4 


T 173640 5- 


-144401 


17 36 40.510(0.080) 


-14 44 01.00(1.00) 


0.8(0.4) 


1.6(0.8) 


8.18 


5.13 


47.6 


4.8 


0.4 


0.8 


0.7 


J 173645. 6- 


-151019 


17 36 45.694(0.004) 


-15 10 19.09(0.06) 


21.6(0.6) 


19.5(0.8) 


6.52 


4.02 


152.1 


10.5 


7.3 


6.6 


0.1 


j 173651 .0- 


-144550 


17 36 51.066(0.008) 


-14 45 50.10(0.20) 


5.6(0.4) 


5.6(0.6) 


6.23 


3.89 


168.6 


6.9 


1.0 


1.1 


1.8 


J 173651. 2- 


-145904 


17 36 51.220(0.050) 


-14 59 04.30(0.40) 


4.0(0.9) 


5.0(2.0) 


7.62 


3.24 


85.6 


9.9 


1.5 


2.5 


1.3 


J 173700. 7- 


-145600 


17 37 00.710(0.020) 


-14 56 00.70(0.20) 


11.4(0.8) 


13.0(2.0) 


5.68 


3.45 


108.0 


8.6 


2.7 


3.5 


1.4 


1173703.3- 


-144245 


17 37 03.330(0.070) 


-14 42 45.00(0.70) 


1.4(0.4) 


3.0(1.0) 


9.73 


5.89 


68.2 


6.2 


0.4 


1.1 


0.4 


J173704.3- 


-153301 (D) 


17 37 04.361(0.001) 


-15 33 01.02(0.02) 


141.2(0.5) 


119.5(0.7) 


7.51 


3.22 


150.2 


13.3 


89.7 


75.9 


0.4 


1173705.0- 


-153300 (D) 


17 37 05.020(0.002) 


-15 33 00.78(0.03) 


48.5(0.5) 


40.5(0.7) 


7.70 


3.10 


148.6 


13.4 


31.3 


26.1 


0.3 


J173714.2- 


-150308 


17 37 14.220(0.020) 


-15 03 08.30(0.20) 


8.9(0.8) 


9.0(2.0) 


4.90 


3.50 


98.8 


5.4 


1.3 


2.2 


1.4 


J173716.3- 


-144650 


17 37 16.340(0.020) 


-14 46 50.60(0.40) 


4.1(0.5) 


5.0(0.8) 


8.16 


4.57 


165.1 


11.2 


1.7 


2.1 


0.9 


J173735.2- 


-152741 


17 37 35.223(0.008) 


-15 27 41.70(0.20) 


12.8(0.6) 


11.3(0.8) 


7.67 


3.64 


138.4 


14.5 


10.8 


9.6 


0.2 


J173811.6- 


-150301 


17 38 11.609(0.001) 


-15 03 01.41(0.01) 


460.8(0.9) 


405.0(2.0) 


5.85 


2.84 


120.4 


10.0 


139.4 


122.5 


0.9 


J173818.5- 


-151318 


17 38 18.552(0.007) 


-15 13 18.70(0.20) 


34.0(2.0) 


46.0(3.0) 


8.80 


4.34 


138.9 


17.4 


70.1 


94.8 


0.2 


J174358.1- 


-100631 


17 43 58.151(0.005) 


-10 06 31.27(0.06) 


14.4(0.5) 


16.2(0.8) 


5.54 


3.32 


49.5 


7.6 


2.7 


3.1 


1.0 


J 174400.5- 


-101331 


17 44 00.518(0.001) 


-10 13 31.99(0.02) 


94.2(0.6) 


81.6(0.8) 


6.39 


2.95 


28.9 


12.9 


54.7 


47.4 


0.8 


j 174441. 9- 


-101040 (D) 


17 44 41.974(0.001) 


-10 1040.81(0.02) 


106.3(0.7) 


120.3(1.1) 


6.16 


4.42 


178.1 


10.1 


32.9 


37.3 


0.6 


J174443.2- 


-101001 (D) 


17 44 43.214(0.002) 


-10 10 01.71(0.05) 


46.2(0.7) 


77.6(1.4) 


8.70 


4.55 


174.6 


9.7 


13.1 


22.1 


0.6 


J174457.8- 


-101206 (D) 


17 44 57.865(0.002) 


-10 12 06.65(0.05) 


33.8(0.4) 


60.3(1.0) 


8.79 


5.34 


175.5 


11.0 


12.6 


22.5 


1.4 


J174457.9- 


-101228 (D) 


17 44 57.929(0.003) 


-10 12 28.39(0.07) 


19.9(0.4) 


30.7(0.9) 


7.88 


5.06 


179.5 


10.6 


6.9 


10.7 


0.7 


11 74500 3- 


-093895 (D) 


17 45 00.356(0.004) 


-09 38 25.67(0.09) 


6.8(0.2) 


15.9(0.6) 


7.59 


4.60 


1.0 


3.7 


0.5 


1.3 


1.5 


J 174501. 4- 


-093849 (D) 


17 45 01.425(0.004) 


-09 38 49.39(0.06) 


7.1(0.2) 


15.0(0.5) 


6.04 


5.12 


36.9 


3.3 


0.5 


1.0 


1.7 


J 174507. 2- 


-093754 


17 45 07.236(0.004) 


-09 37 54.11(0.06) 


6.1(0.2) 


6.2(0.4) 


4.38 


3.34 


26.5 


3.3 


0.4 


0.6 


0.5 


J 1745 19. 2- 


-092713 


17 45 19.247(0.002) 


-09 27 13.67(0.05) 


19.5(0.3) 


18.9(0.5) 


6.48 


3.77 


20.0 


13.9 


14.4 


13.9 


0.5 


J 174520. 3- 


-095323 


17 45 20.327(0.002) 


-09 53 23.23(0.04) 


24.3(0.3) 


20.9(0.4) 


6.24 


3.39 


171.6 


12.6 


13.0 


11.2 


0.7 


J174528.1- 


-102148 


17 45 28.190(0.030) 


-10 21 48.40(0.40) 


2.1(0.4) 


4.3(0.9) 


7.09 


5.90 


116.3 


4.2 


0.4 


1.0 


2.2 


J 174535.5- 


-101439 


17 45 35.521(0.007) 


-10 14 39.00(0.20) 


15.4(0.4) 


56.6(1.6) 


11.43 


8.34 


140.8 


9.9 


4.6 


17.0 


1.8 


J 174539.0- 


-093914 


17 45 39.095(0.005) 


-09 39 14.99(0.07) 


6.0(0.3) 


5.9(0.4) 


4.66 


3.89 


41.9 


7.1 


1.0 


1.0 


0.2 


J 174548. 3- 


-102203 


17 45 48.360(0.020) 


-10 22 03.80(0.40) 


3.3(0.5) 


3.8(0.8) 


6.44 


5.24 


178.1 


9.2 


1.0 


1.3 


0.7 


1174552.6- 


-100526 


17 45 52.692(0.004) 


-10 05 26.63(0.06) 


6.8(0.3) 


6.9(0.5) 


4.12 


2.99 


33.5 


4.1 


0.6 


0.7 


1.0 


J 174556.0- 


-100613 (D) 


17 45 56.043(0.006) 


-10 06 13.10(0.20) 


4.1(0.3) 


4.1(0.5) 


3.99 


3.15 


24.7 


4.5 


0.5 


0.6 


0.6 


J 174557.9- 


-100608 (D) 


17 45 57.970(0.002) 


-10 06 08.93(0.03) 


14.9(0.3) 


15.5(0.5) 


4.10 


3.18 


26.5 


4.4 


1.3 


1.4 


0.8 


J174604.5- 


-093903 


17 46 04.582(0.003) 


-09 39 03.95(0.03) 


25.4(0.5) 


23.0(0.6) 


5.35 


3.50 


80.7 


11.0 


9.6 


8.7 


1.6 


J 174605.7- 


-095517 


17 46 05.775(0.001) 


-09 55 17.51(0.02) 


36.9(0.3) 


45.5(0.6) 


4.48 


3.96 


18.1 


6.7 


5.5 


6.8 


0.9 


1174613.9- 


-093705 


17 46 13.931(0.005) 


-09 37 05.15(0.06) 


12.0(0.5) 


10.3(0.6) 


4.52 


3.57 


90.5 


9.4 


3.3 


2.8 


1.4 


1174616.5- 


-102358 (MD) 


17 46 16.519(0.005) 


-10 23 58.12(0.06) 


8.2(0.3) 


8.6(0.4) 


6.28 


3.83 


55.9 


8.1 


1.7 


1.8 


0.4 


1174624.1- 


-095208 (D) 


17 46 24.147(0.003) 


-09 52 08.90(0.06) 


16.2(0.4) 


19.6(0.7) 


5.83 


3.96 


25.4 


11.3 


6.6 


7.9 


0.5 


J 174624. 1 - 


-095201 (D) 


17 46 24.166(0.003) 


-09 52 01.06(0.06) 


19.0(0.4) 


23.0(0.7) 


6.68 


3.49 


27.5 


11.5 


7.9 


9.6 


0.4 


1174625 4- 


-101722 


17 46 25.480(0.020) 


-10 17 22.30(0.20) 


2.5(0.3) 


1.9(0.4) 


6.04 


3.47 


57.1 


7.7 


0.6 


0.5 


2.9 


J 174630. 2- 


-100809 


17 46 30.285(0.007) 


-10 08 09.10(0.20) 


6.2(0.5) 


4.4(0.5) 


4.47 


3.27 


148.0 


9.8 


1.9 


1.4 


1.2 


J 174631. 8- 


-103043 


17 46 31.890(0.010) 


-10 30 43.40(0.20) 


3.7(0.3) 


3.3(0.4) 


6.43 


3.47 


43.9 


9.1 


1.0 


0.9 


1.9 


J 174639. 2- 


-102244 


17 46 39.240(0.020) 


-10 22 44.00(0.20) 


1.6(0.2) 


1.7(0.4) 


6.11 


3.24 


55.5 


2.4 


0.2 


0.4 


1.7 


J 174726.2- 


-102609 


17 47 26.276(0.007) 


-10 26 09.15(0.07) 


7.4(0.3) 


6.4(0.4) 


6.17 


4.10 


71.3 


9.9 


2.2 


1.9 


0.5 


J 174727. 8- 


-095917™ 


17 47 27.888(0.001) 


-09 59 17.28(0.01) 


129.4(0.4) 


134.8(0.6) 


3.51 


2.81 


36.5 


3.4 


8.4 


8.7 


1.6 


J 174727.2- 


-09591 1 (D) 


17 47 27.225(0.003) 


-09 59 11.51(0.04) 


12.1(0.4) 


13.3(0.6) 


3.32 


3.19 


44.4 


3.6 


0.9 


1.1 


2.6 


J174731.3- 


-095153 


17 47 31.324(0.002) 


-09 51 53.58(0.04) 


29.1(0.5) 


27.9(0.7) 


4.70 


3.15 


3.2 


10.0 


8.8 


8.5 


0.8 


J174731.3- 


-101448 


17 47 31.352(0.002) 


-10 14 48.06(0.02) 


29.8(0.3) 


29.9(0.4) 


7.43 


3.59 


58.9 


13.0 


17.7 


17.8 


0.9 


J174735.0- 


-100648 


17 47 35.044(0.009) 


-10 06 48.00(0.20) 


6.9(0.4) 


26.9(1.5) 


8.39 


4.66 


40.3 


5.1 


0.8 


3.1 


0.2 


J174742.8- 


-095447 


17 47 42.891(0.007) 


-09 54 47.80(0.20) 


5.2(0.4) 


4.5(0.6) 


3.82 


2.61 


30.3 


7.1 


0.9 


1.0 


1.2 


J 174805.4- 


-100433 


17 48 05.408(0.008) 


-10 04 33.30(0.20) 


6.3(0.5) 


5.5(0.6) 


3.71 


3.23 


112.6 


7.4 


1.2 


1.1 


1.2 


J 180809. 1 - 


-104031 (MD) 


18 08 09.120(0.020) 


-10 40 31.00(0.50) 


3.3(0.4) 


8.0(2.0) 


10.73 


5.27 


162.3 


9.3 


0.9 


2.9 


2.0 


J 1 80809.6- 


-101307 


18 08 09.640(0.020) 


-10 13 07.50(0.20) 


21.3(0.8) 


63.0(3.0) 


11.79 


7.58 


54.8 


16.4 


31.4 


92.8 


2.0 


J 1808 19.6- 


-105916 


18 08 19.610(0.010) 


-10 59 16.80(0.10) 


20.7(0.6) 


24.0(1.0) 


7.54 


3.10 


55.2 


15.1 


20.8 


24.2 


0.5 
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GMRT Identification 


aj2(ioo.o 


<5j2000.0 


s Pcak 


^ intog 


a 


b 


P.A. 


6 


Err Pcal 


En InBg 


Var. 






(hms) 


(° ' ") 


(mJy/b) 


(mJy) 


(") 


(") 


(°) 


(') 


(mly/b) 


(mJy) 


Index 


J180821.5- 


-105044 


18 08 21.550(0.010) 


-10 50 44.10(0.20) 


14.3(0.8) 


19.0(2.0) 


7.41 


4.56 


62.8 


13.6 


9.7 


13.0 


0.9 


J180824.7- 


-104155 


18 08 24.757(0.003) 


-10 41 55.30(0.10) 


17.1(0.4) 


16.7(0.6) 


6.40 


3.69 


7.3 


9.6 


4.7 


4.6 


1.1 


J180834.3- 


-103024 <MD) 


18 08 34.333(0.007) 


-10 30 24.90(0.40) 


5.3(0.3) 


19.0(2.0) 


15.89 


4.25 


174.3 


2.6 


0.4 


2.2 


0.9 


J180902.8- 


-105602 


18 09 02.834(0.002) 


-10 56 02.71(0.02) 


24.0(0.4) 


26.2(0.6) 


4.85 


2.31 


50.3 


4.3 


2.1 


2.3 


1.3 


J180903.0- 


-101736 


18 09 03.085(0.001) 


-10 17 36.23(0.02) 


71.6(0.5) 


72.1(0.7) 


6.41 


2.52 


51.1 


6.8 


11.0 


11.1 


2.3 


J180908.6- 


-101936 


18 09 08.620(0.004) 


-10 19 36.63(0.05) 


24.5(0.6) 


23.8(0.8) 


6.42 


3.02 


47.7 


8.2 


5.1 


5.0 


1.7 


J180910.2- 


-103217 


18 09 10.250(0.020) 


-10 32 17.90(0.30) 


5.8(0.6) 


4.9(0.7) 


6.26 


4.52 


23.0 


10.6 


2.1 


1.8 


1.6 


J180916.6- 


-110041 


18 09 16.639(0.002) 


-11 00 41.54(0.04) 


39.6(0.5) 


71.0(2.0) 


7.51 


3.68 


31.1 


7.5 


7.1 


12.9 


1.3 


J180942.8- 


-100745 


18 09 42.840(0.020) 


-10 07 45.00(0.20) 


3.9(0.5) 


4.0(0.7) 


6.44 


2.41 


52.6 


7.6 


0.9 


1.0 


0.6 


I 1 80943 4- 


-104055 |D| 


18 09 43.400(0.020) 


-10 40 55.10(0.30) 


3.6(0.4) 


9.0(2.0) 


7.09 


4.97 


37.2 


10.0 


1.2 


3.4 


- 


11 80944 1- 


-095755 


18 09 44.295(0.008) 


-09 57 55.30(0.20) 


21.9(0.7) 


35.0(2.0) 


12.31 


3.40 


3.4 


15.4 


23.6 


37.8 


0.1 


11 80944 7- 


-104045 (D ' 


18 09 44.790(0.020) 


-10 40 45.40(0.30) 


4.4(0.4) 


8.8(0.9) 


6.90 


3.83 


22.6 


9.7 


1.3 


2.7 


2.0 


1 1 80945 1 - 


-100121 


18 09 45.150(0.030) 


-10 01 21.80(0.30) 


4.8(0.6) 


8.0(2.0) 


7.61 


4.66 


53.3 


12.5 


2.6 


4.7 


0.8 


J 180948. 8- 


-103825 


18 09 48.832(0.002) 


-10 38 25.20(0.03) 


21.6(0.4) 


23.5(0.6) 


4.61 


2.63 


34.5 


7.2 


3.6 


4.0 


0.4 


J180954.1- 


-104128 


18 09 54.171(0.007) 


-10 41 28.10(0.20) 


4.8(0.4) 


4.2(0.6) 


4.32 


2.68 


13.2 


9.4 


1.4 


1.3 


0.1 


J 180955.9- 


-110502 


18 09 55.930(0.004) 


-11 05 02.30(0.10) 


34.6(1.0) 


30.0(2.0) 


6.69 


4.11 


157.5 


15.4 


37.7 


32.7 


0.2 


J 180957.9- 


-103722 


18 09 57.909(0.005) 


-10 37 22.80(0.10) 


6.9(0.3) 


16.4(0.9) 


5.87 


3.98 


2.2 


5.3 


0.8 


2.0 


1.1 


J 180959.3- 


-110028 


18 09 59.359(0.003) 


-11 00 28.31(0.05) 


47.1(0.8) 


68.0(2.0) 


6.45 


5.99 


70.7 


12.9 


27.2 


39.3 


0.2 


J 18 1004.6- 


-102820 


18 10 04.688(0.004) 


-10 28 20.29(0.06) 


6.8(0.3) 


8.8(0.6) 


4.27 


2.85 


34.3 


4.1 


0.6 


0.9 


2.1 


J181011.2- 


104116 


18 10 11.201(0.002) 


-10 41 16.31(0.03) 


41.5(0.4) 


70.9(0.9) 


6.40 


3.84 


2.7 


9.0 


10.2 


17.5 


1.5 


J181011.9- 


-101043 


18 1011.939(0.009) 


-10 10 43.90(0.08) 


8.4(0.5) 


10.3(0.7) 


6.57 


3.41 


72.3 


10.3 


2.7 


3.4 


0.1 


J181017.4- 


-102924 <D) 


18 10 17.405(0.005) 


-10 29 24.53(0.08) 


5.4(0.3) 


6.5(0.5) 


4.36 


2.56 


36.6 


4.3 


0.5 


0.7 


0.6 


J 18 1017.7- 


-102907 <D) 


18 10 17.727(0.001) 


-10 29 07.80(0.01) 


40.8(0.3) 


41.0(0.5) 


3.94 


2.40 


36.3 


4.6 


3.7 


3.7 


1.5 


J 1 8 1030.9- 


-101839 |D) 


18 10 30.980(0.030) 


-10 18 39.30(0.50) 


2.5(0.3) 


10.0(2.0) 


9.70 


5.43 


30.8 


9.0 


0.7 


3.2 


2.6 


J 1 O 1 \)J 1 .J 


1010.99(D) 


18 10 31.540(0.040) 


-10 18 22.40(0.60) 


1.7(0.3) 


7.0(2.0) 


8.88 


5.51 


34.5 


8.7 


0.5 


2.6 


- 


11 81040 ?- 


-103924 


18 10 40.286(0.006) 


-10 39 24.27(0.09) 


17.3(0.5) 


18.5(0.8) 


8.80 


4.22 


39.7 


11.2 


6.8 


7.3 


0.8 


Jlo lUJo.Z 




18 10 58.252(0.002) 


-10 09 45.42(0.04) 


9.3(0.3) 


10.7(0.4) 


3.95 


2.56 


35.3 


2.2 


0.5 


0.6 


0.5 


11 81 1 1 S 


1 1 0^3K 


18 11 15.053(0.002) 


-11 05 38.19(0.04) 


58.4(0.8) 


45.8(0.9) 


6.29 


3.71 


166.9 


13.5 


38.9 


30.6 


0.1 


11 81 1 93 4- 


-101642 


18 11 23.480(0.020) 


-10 16 42.60(0.20) 


3.2(0.4) 


2.6(0.5) 


3.96 


3.53 


140.4 


9.0 


0.9 


0.8 


1.4 


1181 1?5 7- 


10491 1 


18 11 25.762(0.005) 


-10 49 11.08(0.06) 


12.3(0.5) 


12.4(0.7) 


5.46 


3.07 


56.1 


8.8 


3.0 


3.0 


2.5 


1181 136 3- 


-101755 


18 11 36.364(0.004) 


-10 17 55.77(0.06) 


15.7(0.5) 


11.9(0.6) 


4.95 


3.42 


132.5 


12.3 


7.8 


6.0 


0.2 


J181 138.5- 


-102122 


18 11 38.511(0.003) 


-10 21 22.44(0.06) 


15.7(0.4) 


13.2(0.5) 


5.52 


3.53 


7.2 


11.1 


6.0 


5.0 


0.2 


J181149.9- 


-102831 


18 1 1 49.990(0.007) 


-10 28 31.50(0.20) 


3.8(0.3) 


3.9(0.5) 


5.04 


3.27 


23.6 


4.3 


0.4 


0.6 


0.1 


J181209.7- 


-104257 


18 12 09.703(0.003) 


-10 42 57.76(0.06) 


20.2(0.5) 


16.1(0.6) 


6.22 


3.66 


165.3 


12.5 


10.7 


8.5 


0.4 


J181248.2- 


-104044 


18 12 48.259(0.006) 


-10 40 44.66(0.08) 


22.3(0.7) 


23.9(0.9) 


8.22 


5.50 


124.6 


18.2 


62.2 


66.6 


0.1 


J 190309.9- 


-114458 


19 03 09.993(0.004) 


-11 44 58.41(0.04) 


35.5(0.8) 


39.6(1.2) 


6.75 


3.81 


73.9 


12.6 


19.1 


21.4 


1.6 


J 1903 10.6- 


-112243 


19 03 10.640(0.030) 


-11 22 43.90(0.40) 


2.3(0.4) 


2.3(0.7) 


6.66 


3.45 


48.1 


2.5 


0.4 


0.7 


- 


1190318.8- 


-110506 


19 03 18.850(0.020) 


-11 05 06.40(0.40) 


5.0(0.5) 


9.6(1.2) 


10.10 


3.80 


38.5 


10.5 


1.8 


3.4 


1.2 


J 190325.6- 


113607 


19 03 25.698(0.005) 


-11 36 07.81(0.07) 


31.1(0.6) 


50.6(1.3) 


9.36 


6.83 


44.6 


11.4 


12.8 


20.8 


1.2 


1190338.8- 


-114758 (D) 


19 03 38.840(0.020) 


-11 47 58.00(0.20) 


5.1(0.5) 


6.0(0.9) 


5.37 


3.12 


67.9 


5.9 


0.8 


1.2 


2.6 


J 190339.9- 


-114756 (D) 


19 03 39.915(0.005) 


-11 47 56.54(0.05) 


15.8(0.5) 


16.9(0.9) 


5.09 


2.96 


60.2 


5.6 


1.9 


2.2 


1.8 


J 190340.7- 


111358 


19 03 40.797(0.006) 


-11 13 58.46(0.09) 


11.0(0.5) 


10.7(0.7) 


6.17 


2.95 


46.1 


10.8 


4.0 


3.9 


0.8 


J 190341. 1 - 


-114628 


19 03 41.120(0.030) 


-11 46 28.60(0.20) 


5.3(0.5) 


10.3(1.2) 


9.24 


2.94 


62.7 


5.0 


0.7 


1.6 


- 


1190341.1- 


-112310 (D) 


19 03 41.191(0.002) 


-11 23 10.59(0.03) 


40.1(0.4) 


60.4(0.9) 


7.81 


5.02 


52.9 


7.3 


6.9 


10.4 


- 


T 190341 9- 


-1 12249 (D) 


19 03 41.900(0.020) 


-11 22 49.80(0.20) 


7.8(0.4) 


15.2(1.1) 


7.99 


6.37 


66.4 


7.6 


1.5 


3.0 


- 


J 190341. 8- 


1 10831 


19 03 41.841(0.003) 


-11 08 31.47(0.04) 


15.0(0.4) 


14.2(0.6) 


5.55 


2.23 


51.2 


6.3 


2.1 


2.1 


0.0 


J 190343. 4- 


-1 10513 


19 03 43.426(0.004) 


-11 05 13.19(0.04) 


14.0(0.4) 


14.2(0.6) 


5.62 


2.33 


50.5 


4.5 


1.3 


1.4 


0.2 


J 190359.0- 


-110013 


19 03 59.090(0.030) 


-11 00 13.70(0.50) 


3.2(0.4) 


13.3(1.6) 


13.20 


4.49 


45.8 


4.2 


0.5 


1.9 


0.4 


j 190404.2- 


113216 


19 04 04.244(0.003) 


-11 32 16.04(0.03) 


39.2(0.6) 


43.0(0.8) 


6.06 


3.28 


64.7 


13.3 


25.0 


27.5 


0.7 


J 190405.0- 


-113624 


19 04 05.080(0.010) 


-11 36 24.90(0.20) 


10.0(0.7) 


11.1(1.1) 


5.18 


4.46 


30.3 


9.6 


2.9 


3.3 


1.6 


J 190430. 2- 


-1 15246 (D) 


19 04 30.278(0.002) 


-11 52 46.99(0.02) 


90.1(0.8) 


92.3(1.1) 


5.17 


4.45 


98.7 


9.8 


26.3 


26.9 


0.7 


1190430 2- 


-1 15241 (D ' 


19 04 30.274(0.002) 


-11 52 41.07(0.02) 


95.1(0.8) 


86.8(1.0) 


4.92 


4.14 


123.6 


9.7 


27.3 


24.9 


1.1 


J 190431. 8- 


-1 12656 


19 04 31.873(0.002) 


-11 26 56.69(0.02) 


29.7(0.4) 


28.7(0.5) 


3.89 


2.60 


55.8 


4.9 


2.9 


2.8 


0.8 


j 190440. 2- 


1 10859 


19 04 40.239(0.009) 


-11 08 59.20(0.10) 


15.5(0.6) 


32.4(1.5) 


7.82 


5.84 


75.8 


10.5 


5.3 


11.1 


2.9 


J190501.2- 


-1 12243 


19 05 01.294(0.007) 


-11 22 43.16(0.09) 


4.5(0.3) 


4.6(0.5) 


3.66 


2.70 


58.4 


3.6 


0.4 


0.6 


- 


1190506.7- 


-110126 


19 05 06.729(0.006) 


-11 01 26.56(0.07) 


12.1(0.5) 


11.6(0.7) 


4.72 


3.45 


75.0 


8.5 


2.7 


2.7 


1.1 


J190512.6- 


-112921 


19 05 12.651(0.003) 


-11 29 21.37(0.04) 


16.0(0.5) 


13.7(0.6) 


3.66 


3.25 


116.2 


6.9 


2.5 


2.2 


0.4 


J 190523. 0- 


-110250 <MD) 


19 05 23.042(0.002) 


-11 02 50.46(0.02) 


48.9(0.4) 


101.3(0.9) 


8.63 


2.81 


51.6 


4.3 


4.1 


8.5 


- 


J 190528.6- 


-115331 


19 05 28.617(0.001) 


-11 53 31.89(0.01) 


286.2(1.4) 


264.2(2.0) 


5.79 


2.69 


39.9 


8.0 


56.9 


52.6 


2.7 


J 190530.8- 


112600 


19 05 30.847(0.006) 


-11 26 00.90(0.06) 


10.8(0.5) 


8.5(0.6) 


4.55 


2.84 


92.4 


9.9 


3.3 


2.6 


1.2 


J 19053 1.0- 


•112817 


19 05 31.010(0.020) 


-11 28 17.90(0.20) 


5.4(0.6) 


5.3(0.8) 


5.20 


3.37 


94.3 


10.4 


1.9 


1.9 


0.2 


J 190544.6- 


-105850 


19 05 44.657(0.008) 


-10 58 50.10(0.20) 


4.7(0.4) 


4.8(0.6) 


4.22 


2.98 


44.2 


5.7 


0.7 


0.8 




J190555.5- 


-105233 


19 05 55.536(0.005) 


-10 52 33.25(0.08) 


15.7(0.6) 


16.2(0.8) 


5.99 


3.32 


44.1 


12.5 


8.3 


8.5 


2.3 


J 190601. 7- 


-112510 (V) 


19 06 01.781(0.009) 


-11 25 10.10(0.20) 


7.7(0.6) 


7.2(0.9) 


5.00 


2.77 


53.6 


6.5 


1.3 


1.4 


3.0 


J 190604.5- 


110408 


19 06 04.571(0.004) 


-11 04 08.47(0.05) 


11.6(0.4) 


10.5(0.6) 


4.08 


2.86 


59.3 


6.2 


1.6 


1.5 


1.8 


J190617.4- 


-112850 (V) 


19 06 17.428(0.003) 


-11 28 50.11(0.04) 


22.7(0.5) 


24.6(0.8) 


4.41 


2.90 


46.8 


4.5 


2.1 


2.3 


4.1 


J 190640.7- 


-112209 


19 06 40.774(0.002) 


-11 22 09.86(0.05) 


25.1(0.5) 


47.3(1.1) 


6.06 


3.63 


8.4 


4.3 


2.2 


4.1 


1.2 


J 190644.8- 


-111416 <D) 


19 06 44.842(0.003) 


-11 14 16.86(0.06) 


33.6(0.7) 


49.3(1.3) 


6.54 


4.31 


19.0 


11.6 


14.5 


21.3 


1.3 


J190645.1- 


-111434< D > 


19 06 45.112(0.001) 


-11 14 34.16(0.02) 


115.7(0.7) 


167.6(1.3) 


6.62 


4.11 


16.9 


11.4 


47.2 


68.4 


1.1 



(D) Component of an apparent double source (separation less than 45")- 

(MD) Marginally resolved double source. 

(T) Component of an apparent triple source. 

(V) Candidate variable radio source. 

w Extended component of a radio galaxy western lobe. 



